The optimized conditions were evaluated for solidphase microextraction (SPME) to investigate the headspace volatiles in fish miso, a Japanese fish meat-based fermented product. The influence on the efficiency for microextraction of such parameters as the sample size, isolation time and temperature, sensitivity and selectivity of several SPME fibers of different liquid phases as well as several extraction techniques was evaluated. Suitable reproducibility and sensitivity of SPME were achieved by combining carbowax/divenylbenzene of 65 m thickness as the liquid phase of SPME, 3 g of fish miso, 40 C of isolation temperature and 40 min of isolation time. The headspace volatiles of fish miso prepared from spotted mackerel were analyzed under the optimized conditions. Although several volatiles contributed to fish miso, certain volatile esters might have played the greatest role in imparting the sweetfruity aroma to the product.
The increased variety of different value-added and novel products from foreign and domestic food manufacturers has bought a new challenge to food technologists to modify or invent new generic products that fulfill consumers' demand in Japan. One promising product is a fermented fish meat paste, so-called fish miso. Our previous investigations have revealed its nutritional and taste aspects. 1, 2) However, characterizing the volatiles and standardizing the volatile analysis for this newly developed flavor-rich food product have not previously been carried out. The volatiles are normally present at low concentrations of mgl À1 or less and should therefore be determined by such sensitive analytical techniques as gas chromatography (GC) with flame ionization detection (FID), mass spectrometry (MS) or olfactrometry (O).
3) Several techniques requiring preconcentration are usually used, the most traditional and common technique being liquid-liquid extraction. 4) However, these methods are time-consuming, expensive and likely to introduce artifacts resulting from the sample preparation and solvent interaction steps. Moreover they cannot represent the total composition of volatile chemicals in equilibrium as found in the intact aroma. The sample preparation technique should preferably be fast, easy to use, inexpensive and compatible with a range of analytical instruments. Solid-phase microextraction (SPME) is a method that approaches these ideals and is applied to the analysis of various aroma and flavor compounds in a sample. The main advantages of SPME are its simplicity, speed, solventfreedom, high sensitivity, small sample volume, relatively low cost and simple automation. 5) Many studies on the application of SPME have been reported for fermented products, including wine, 6) fermented pickled cucumber 7) and fermented vegetable kimchi. 8) It has been used to determine a wide variety of volatile compounds in wine, for example esters and alcohols, 9) sulfur compounds, 10) and chlorophenols responsible for off-odor. 11) There are many factors affecting the reproducibility and sensitivity of SPME during the analysis of headspace volatiles. Those include the type and size of the liquid phase, ratio of the liquid to headspace volume, isolation duration, isolation temperature and characteristics of the liquid matrix.
12) The authors therefore tried to optimize the SPME conditions for the rapid and solvent-free volatile analysis of the newly-developed fermented fish paste, so-called fish miso.
A method for the rapid analysis of volatile compounds in fish miso using a combined technique of headspace-SPME and GC-FID is proposed in the present study. The influence of several factors affecting the SPME analysis, including the matrix effect of the fish miso, was also evaluated. The volatiles of the fish miso sample were also quantified and characterized under the optimized conditions.
Materials and Methods
Materials and chemicals. Experimentally produced fermented fish meat paste, fish miso, prepared from spotted mackerel (Scomber australasicus) meat was transported under refrigerated conditions from Nagasaki Prefectural Research Institute of Fisheries to Tokyo University of Marine Science and Technology and stored at 5 C. Fish meat, koji (rice malt inoculated with Aspergillus oryzae SP-01 mold; Nihon Jozo Kogyo, Tokyo, Japan) and salt were mixed properly at a ratio of 5:5:1 by wet weight and fermented at a temperature of between 25 and 30 C for 90 d. The contents of each container were mixed thoroughly once a month. The prepared material is called fish miso, i.e., fermented fish paste. All the volatile standards used for identification and other analysis purposes were of GC-analytical grade and were purchased from Tokyo Chemical Industry (Tokyo, Japan).
y To whom correspondence should be addressed. Tel/Fax: +81-3-5463-0613; E-mail: tohshima@kaiyodai.ac.jp Abbreviations: SPME, solid-phase microextraction; PDMS, polydimethylsiloxane; CAR/PDMS, carboxen/polydimethylsiloxane; PDMS/DVB, polydimethylsiloxane/divinylbenzene; PDMS/DVB, polydimethylsiloxane/divinylbenzene; DVB/CAR/PDMS, divinylbenzene/carboxen/polydimethylsiloxane; CW/DVB, carbowax/divinylbenzene Optimization of the SPME technique. The fiber of the SPME device (Supelco, Bellefonte, PA, USA) was inserted into the headspace of a 22-ml glass vial with a polytetrafluoroethylene/silicone liner containing the sample and sealed tightly with an aluminum cap (Supelco, Bellefonte, PA, USA) for sampling the volatiles. Ten different volatile compounds, including acetaldehyde, ethyl acetate, 2-methylpropanol, 1-penten-3-ol, 2-methylbutanol, 1-pentanol, 1-octen-3-ol, benzaldehyde, 2,3-butanediol and phenylethyl alcohol, were taken into account for optimizing the SPME technique in terms of different functional groups and retention times.
Optimization of the sample size and isolation time. To study the effect on the headspace volatile compounds of the ratio of the sample size to the headspace volume, 0.5 g, 3 g and 5 g samples of miso prepared from spotted mackerel meat were taken in the 22-ml glass vial with a polytetrafluoroethylene/silicone liner and sealed tightly with an aluminum cap. The volatile compounds in each sample were isolated by the SPME fiber of 65-mm carbowax/divinylbenzene fordifferent isolation times between 0.5 and 50 min.
Optimization of the isolation temperature. To determine the effect of isolation temperature on the sensitivity of the fish miso, the sample vials were maintained at different temperatures between 20 C and 60 C for 40 min. The volatile compounds were isolated by the 65-mm carbowax/divinylbenzene SPME fiber with incubation in an oven.
Effect of the solid phase of SPME on the determination of fish miso volatiles. Three grams of a sample was taken in the 22-ml glass vial fitted with a polytetrafluoroethylene/silicone liner and sealed tightly with an aluminum cap. To study the effects of the solid phase of SPME on the sensitivity and reproducibility of the fish miso volatiles, the headspace volatile compounds of the sample were isolated by 100-mm polydimethylsiloxane (PDMS), 75-mm carboxen/polydimethylsiloxane (CAR/PDMS), 65-mm polydimethylsiloxane/divinylbenzene (PDMS/ DVB; fused silica), 65-mm polydimethylsiloxane/divinylbenzene (PDMS/DVB; (StableFlex), 50/30-mm divinylbenzene/carboxen/ polydimethylsiloxane (DVB/CAR/PDMS) and 65-mm carbowax/ divinylbenzene (CW/DVB). The volatile compounds of the sample were isolated by each SPME solid phase at 40 C for 40 min. The SPME fibres were pre-treated at the injection port at 250 C for 30 min just before each isolation period for the volatiles to avoid any carry over. Periodic treatments of longer-term thermal desorption (around 1 h) were carried out to remove any semi-volatile/non-volatile contaminants.
Effects of different extraction techniques. Three different extraction techniques were investigated to study the effect on the sensitivity of SPME. Together with the traditional technique of volatile isolation in an oven, we also attempted to isolate the volatile compounds by sonication and magnetic stirring. To a sample vial containing 3 g of fish miso was added 5 ml of distilled water in an ultrasound water bath to study the effect of sonication, and the volatile compounds were isolated for 40 min at 40 C. To a sample vial containing 3 g of miso was added 5 ml of distilled water to study the effect of magnetic stirring, and the volatiles were isolated for 40 min at 40 C.
Effect of different matrices on the isolation of volatile compounds. The effect on the isolation of volatile compounds of different intrinsic factors involving the moisture content, salt content, pH value and sample volatile matrix was quantified for authentic 1-octen-3-ol at seven different concentrations under five different conditions. Different concentrations of 1-octen-3-ol between 0.0025 and 10 ppb in methanol (0.2 ml) were added to 3 g of miso (moisture content, 1.5 ml; salt content, 10% and pH 5), 1.5 ml of a 10% salt solution at pH 5, 1.5 ml of a 10% salt solution at pH 7.5 and 1.5 ml water at pH 5 in a 22-ml glass vial fitted with a polytetrafluoroethylene/silicon liner and sealed tightly with an aluminum cap. A similar moisture content, salt concentration and pH value identical to that of fish miso were taken as references as reported earlier to compare the effects of the different factors.
1,2) 1-Octen-3-ol in each sample was isolated by 65-mm CW/ DVB at 40 C for 40 min and analyzed by GC.
Conditions for gas chromatography and identification of the volatile compounds. The volatiles were analyzed by a Shimadzu 14A gas chromatograph equipped with a SupelcowaxÔ-10 fused silica open tubular capillary polar column (0.32 mm i.d. Â 60 m, 0.25 mm in film thickness; Supelco) and a flame ionization detector in the split-less mode. Helium was used as the carrier gas with a column inlet pressure of 3 kg/cm 2 at a column flow rate of 1.5 ml/min. The column temperature was programmed from 40 C (3 min holding time) to 200 C at the rate of 3 C/min. The injector and detector temperatures were 250 C. The volatile compounds based on the mass spectrum were comparatively identified by a Hewlett Packard 5890 Series II gas chromatograph (SupelcowaxÔ-10 capillary polar column of 0.25 mm i.d. Â 60 m, 0.25 mm in film thickness; Supelco) equipped with a 7000 headspace auto-sampler (Tekmar, Cincinnati, OH, USA) and an ion source (Automass, Jeol, Japan). The respective ionization energy, scan range and scan rate applied for the analysis were 70 eV, 40-350 m/z and 500 m/s. The column temperature was initially held at 40 C for 3 min and subsequently programmed to 200 C at a rate of 3 C/min. The compounds detected by SPME-GC-FID were considered for the analysis and were identified by comparing their mass spectra, Kovats retention indices (RIs), and retention times with those obtained for standard compounds. RIs were determined for SPME-GC-FID as well as for GC-MS by using a series of n-alkanes (C 5 -C 24 ) and comparing with those values reported previously. The threshold value and odor note of each volatile compound were identified from several authentic online databases including http://www.odour.org.uk and http://www.flavornet.org. The concentration of each volatile compound is expressed as the 2,4,6-trimethylpyridine equivalent (assuming all response factors were 1). The internal standard, 2,4,6-trimethylpyridine, was dissolved in methanol to make a final concentration of 1000 ppm, and 0.1 ml of this solution was introduced into the 3-g sample just before the volatile isolation process.
Results and Discussion
Gas chromatography of the headspace volatile compounds in fish miso isolated by SPME revealed that the relative standard deviation percentage (RSD%) of the total peak area of quadruplicate samples and of the individual volatile compounds was within an acceptable range below 1.2%. The number of SPME analysis factors, involving the sample size, isolation time and temperature, the type of solid phase for SPME, and the conditions for GC affected the reproducibility of the SPME analysis of the fish miso volatiles.
Optimization of the sample size and isolation time
The effect of sample size on the headspace volatile compounds in fish miso is shown in Fig. 1A . The FID signal intensity increased with increasing sample size from 0.5 g to 5 g. The results also showed an increasing FID signal intensity up to 40 min of isolation time and then remained stable for longer isolation time. To optimize the sample size, the changes in FID signal intensity of ten selected volatile compounds with different polarity and functional groups as well as different retention times were studied for a respective isolation time and temperature of 40 min and 40 C (Fig. 1B) . The different volatiles also showed a similar trend of increasing peak area with increasing sample size, except for 1-pentanol which might have been due to the dominant behavior of some volatiles present in the matrix for greater sample size. The general trend for different volatiles with increasing sample size reveals that the peak area did not differ much over the range of 3 g of sample size. This might have been due to saturation of the volatile compounds adsorbed to the fiber. The liquid phase of the fiber used was 65-mm CW/ DVB, this being an adsorption type of fiber that could be expected to have a more limited range of linearity between the FID signal intensity and quantity of volatiles than other adsorption types of fiber.
Optimization of the isolation temperature
The effect of different isolation temperatures for a 40-min isolation time on the headspace volatile compounds in fish miso is shown in Fig. 2A . An increase in isolation temperature from 20 to 40 C resulted in the volatile compounds isolated by the SPME fiber being increased by 8%. This might have been due to an increase in the release of analytes to the headspace toward the active sites of the liquid phase of the SPME fiber. However, further increase in the isolation temperature from 40 to 60 C resulted in the volatile compounds isolated with SPME being decreased by 10%. This might have been due to competition between the vaporized water molecules and volatile compounds in terms of the adsorption capacity to the liquid phase of the SPME fiber under the higher temperatures. 13, 14) The changes in volatile compounds at different isolation temperatures (Fig. 2B) reveal that the peak area of certain volatiles of lower retention time, including ethyl acetate, decreased markedly with increasing isolation temperature. This was probably due to the release of analytes from the SPME fiber at the higher isolation temperatures. In contrast, the recovery of most of the volatile compounds with longer retention time was improved as the temperature increased. Heating the samples most certainly accelerated the release of analytes into the headspace and facilitated the SPME process.
15)
Effect of the liquid phase of the SPME fiber on the determination of fish miso volatiles
The effects of different liquid phases on the isolation of the volatile compounds of fish miso at 40 C for 40 min are shown in Fig. 3A . Among all the liquid phases used in the present study, CW/DVB of 65-mm fiber thickness showed relatively higher sensitivity and stability for the fish miso volatile compounds. The effect on each volatile compound of different liquid phases was also studied, and Fig. 3B shows the typical affinity of different volatile compounds for different liquid phases. Comparing the FID signal intensity of different volatiles by different liquid phases, it was found that 50/30-mm DVB/CAR/PDMS had a low RSD value (1.6%) and higher affinity for fewer compounds. However, 65-mm CW/DVB was finally selected for its higher sensitivity, lower RSD value and average affinity towards most of the compounds found in fish miso.
Effect of different extraction techniques
The effect of different extraction techniques, involving oven incubation without adding water (3 g of miso), magnetic stirring (3 g of miso þ 5 ml of water), ultrasonication (3 g of miso þ 5 ml of water) and the control (3 g of miso þ 5 ml of water), on the sensitivity of the liquid phase is shown in Fig. 4A . Magnetic stirring and sonication respectively increased the total peak area by 214% and 45% compared to the case of the sample without magnetic stirring and sonication. However, it was found for the paste product like fish miso that oven incubation without adding water increased the total peak area by 442% compared to the case of the sample just with added water. This marked increase in the FID signal intensity obtained by oven incubation may have been due to the lower water vapor pressure compared with the sonication or magnetic stirring cases, in which water was added to make the product suitable for the application of these techniques. The effect of the extraction method on the change in peak areas of the volatile compounds (Fig. 4B ) also revealed that while magnetic stirring and sonication increased the volatile C; isolation by 65-mm CAR/DVB SPME fiber.
isolation compared to the control, oven incubation without adding water resulted in the peak area of most of the volatile compounds being higher than that by the other treatments. Considering the higher FID response in terms of total peak area and simplicity of the extraction technique, oven incubation without adding water was selected for further studies.
Effect of different matrices on the isolation of volatile compounds
To evaluate the effects of different intrinsic factors, involving the moisture content, salt content, pH value and volatile matrix, on the isolation of one of the authentic compounds, 1-octen-3-ol, five different calibration curves having differences in those intrinsic factors were obtained (Fig. 5) . All of them showed high correlation between the concentration and peak area (R 2 > 0:99).
A comparison of the slopes of the linear regression lines obtained by isolating 1-octen-3-ol at different pH values under different moisture and salt contents showed strong dependency of the extraction yield. It had been reported earlier that adjusting the pH value of an aqueous phase would change the dissociation coefficient for volatile species and affect the extraction efficiency. 16) The present findings clearly concur with those in the previous report that a lower vapor pressure in the headspace greatly influenced the efficiency of the adsorption fiber. 17) Our results also suggest that adding salt to an aqueous sample shifted the partition equilibrium and resulted in higher recovery of the extracted analytes due to the effect of salting out. The ionic strength has been reported for several analytes with their enhanced adsorption to fiber. 16) To minimize the effect of the moisture content, salt content and pH value on the SPME extraction, identical values of the foregoing parameters to those of the experimental sample (fish miso) reported earlier were taken into account. 1, 2) However, while comparing the recovery for the extraction of added 1-octen-3-ol between the identical solution and fish miso, an important matrix effect was apparent for fish miso which greatly reduced the adsorption of analytes in the liquid phase of the fiber. The matrix effect of a complex substrate on the volatile isolation through SPME fiber can be explained by complex competition among the analytes due to the difference in partial pressure of the volatile analytes in the headspace. This matrix effect might vary according to the nature of the volatile compounds, degree of fermentation and also on the starting materials.
Several workers have reported that the matrix effect made it difficult to quantify the volatiles by SPME and proposed different calibration methods to minimize the effect, including multiple headspace solid-phase microextraction (MHS-SPME). [18] [19] [20] This technique is based on extrapolation to exhaustive extraction of an analyte from consecutive extraction of the same sample. However, the major drawback to applying this method for fish miso is the sample size. A small sample amount is necessary for effective use of this technique to reduce the amount of matrix components by consecutive extraction that compete with the analyte for the active sites of the fiber. A single volatile compound, ethanol, contributed the majority of the total peak area, although more than a hundred volatile compounds have been reported for a similar type of soy miso. 21) Most of the volatiles were therefore found below the detection limit for the reduced sample size.
The regression line E obtained by the standard addition method was found appropriate to minimize the matrix effect on the extraction of volatiles by SPME in fish miso, as the influence of several matrices was normalized by this technique. Accordingly, the calibrated regression line of 2,4,6-trimethylpyridine was constructed by adding seven different concentrations to 3 g of fish miso to quantify the miso volatiles.
Taking into account the reproducibility and sensitivity, the combination of CW/DVB of 65-mm thickness as the liquid phase for SPME, 3 g of fish miso, 40 C in equilibrium temperature and 40 min of equilibrium time with oven incubation without adding water was employed for further analysis of the headspace volatiles of fish miso. C; isolation by 65-mm CAR/DVB SPME fiber. X, concentration in ppb; Y, peak area.
Headspace volatiles of the fish miso sample The volatile compounds detected by GC-FID in the fish miso sample under the optimized conditions are presented in Table 1 . The volatile classes include aldehydes, alcohols, esters, ketones, furans, sulfurs, nitrogenous compounds, aromatic compounds and volatile acids.
Among the aldehydes, 2-methylpropanal and 3-methylbutanal, which have been reported to originate from the Strecker degradation of certain amino acids, constituted the majority in fish miso. 22, 23) However, the lipid oxidation products, including hexanal, heptanal and octanal, were present at a relatively low concentration. The branched-chain alcohols in fish miso, including 1-penten-3-ol, 2-methyl-1-butanol, 3-methyl-1-butanol, 2-ethyl-1-butanol and 1-octen-3-ol, may have contributed to the aroma attribute of fish miso as those with low threshold values. Among the ketones detected in the fish miso sample, 2,3-butanedione is sensorily quite important because of its very low threshold value. Although found in small nitrogen-containing heterocyclic pyrazines such as trimethylpyrazine, it might be formed through the Maillard reaction during fermentation. 24) A few microorganisms, for instance, Corynebacterium glutamicum, can also synthesize pyrazines from the amino acids. 25) The esters detected in fish miso, particularly ethyl acetate, isoamyl acetate, 3-methylbutyl butanoate and ethyl heptanoate, might have a desirable role in the development of miso odor in consideration of the fruity aroma attributes of esters.
The sulfurs in heterocyclic compounds like thiazoles may be derived from amino acids (cysteine, cystine and methionine) or from thiamine. 26) These sulfur compounds have previously been reported in different fermented bean and fish paste products. 27 ) Several aromatic compounds, including benzaldehyde, ethyl benzoate, 2-phenylethyl acetate, benzyl alcohol, phenylethyl alcohol and 4-ethylguaiacol, have been detected in fish miso. The formation of such compounds as the catabolites of aromatic amino acids has been reported. 28) The impact of any compound on the aroma attributes of a product depends not only on the relative abundance but also on the odor threshold value. However, it was difficult to analyze the trace volatile compounds containing relatively high moisture as well as ethanol which might have greater influence on the product aroma of fish miso among the headspace volatiles. The findings of the present study clearly indicate that several intrinsic factors including the moisture content and volatile concentration of the product greatly influenced the release of volatiles to the headspace and limited the quantification of the trace compounds. The findings of the present study, which were based on the comprehensively optimized SPME technique for analyzing the trace volatile compounds in fish miso, should significantly enrich the information needed for further studies to evaluate the impact of individual aroma compounds and their formation mechanism in fish miso products. A detailed investigation of the suitability and applicability of static headspace SPME for detecting the semi-volatile Table 1 . Headspace Volatile Compounds Detected in the Fish Miso Sample under Optimized SPME Conditions (mg/100 g of Sample) a aroma compounds and for evaluating the sensory perception of those compounds is also proposed to elucidate the contribution of other possible compounds to the overall aroma of the newly developed fish miso. An organoleptic analysis of fish miso together with an aroma model based on the quantitative analysis can further validate the SPME technique from the sensory aspect.
Conclusion
A sensitive and reproducible procedure using the SPME technique for analyzing the head-space volatiles of fish miso has been described. The sensitivity of the SPME analysis was enhanced by the combination of carbowax/divinylbenzene of 65-mm thickness as the liquid phase of SPME, 3 g of fish miso, a 40 C equilibrium temperature and 40 min equilibrium time, and 250 C desorption temperature for 20 min with oven incubation without adding water. This method can also be useful for monitoring the maturation period of fish miso and other similar types of fermented paste products with some minor modifications. Several volatiles contributed to the aroma of fish miso, although certain volatile esters might have played a greater role in imparting the sweet-fruity aroma to the end product.
